Constitutional isomers of cyanocobalamin adducts based on a fluorescent rhenium triscarbonyl diimine complex were prepared, characterized and tested against PC-3 cancer cells. The adducts differ only in the relative binding position of the organometallic species which is either bound at the cyano or the 5'-hydroxo group of vitamin B 12 . When tested for their cytotoxic potency, the species showed IC 50 values in the low µM rage. Upon conjugation to the vitamin an energy transfer process causes an extremely low quantum yield of fluorescence emission, making the conjugates unsuitable for fluorescence imaging. However, by exploiting the vibrational signature of the fac-[Re(CO) 3 ] + core, their cellular distribution was evaluated via FTIR spectromicroscopy.
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Introduction
The development of facial-rhenium(I) tris-carbonyl diimine complexes (where diimine = N^N chelating bipyridine or phenanthroline type ligand) as anticancer and cell imaging agents has received considerable attention in the last decade. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The complexes are particularly attractive due to their ease of preparation, structural modification and appropriate emission wavelength for visible detection which may be tuned by e.g. lowering the LUMO energy. The cytotoxic properties of a number of fac-[Re(CO) 3 (N^N)L] n compounds have been tested on a variety of cancer cell lines with IC 50 values averaging in the low µM range. [13] [14] [15] [16] Furthermore, the emissive properties of the complexes (generally emitting in the yellow/green region of the visible spectrum) has allowed a detailed picture of their cellular distribution. 3, [17] [18] [19] Reported modifications of the axial or of the diimine ligands of the species, either directed at increasing the inhibitory potency of active compounds or at fine-tuning their emissive properties, tend to increase the hydrophobicity of the complexes. 1, 5 In general this is perceived as a limitation for the possible in vivo application of the compounds. Attempts to increase water solubility of the complexes have been made by e.g. introducing poly(ethyleneglycol) chains, sulfonates groups or peptides. [20] [21] [22] An alternative approach to increase hydrophilicity of organometallic and inorganic anticancer agents has been presented by Alberto. The strategy entails direct coordination of the drug to the axially coordinated CN -group of vitamin B 12 (cyanocobalamin). [23] [24] [25] [26] We find this approach elegant and effective in increasing the biocompatibility of metal-based drugs.
Indeed, the use of vitamin B 12 as a drug delivery system has attracted the interest of several researchers in the field of medicinal chemistry. The axial CN -group, however, is not the only anchoring site which may be exploited for congenial derivatization of the vitamin. The epropionamide of the peripheral corrin ring 27 and the 2'-and the 5'-hydroxyl group of the ribose sugar 28, 29 are also valid alternatives. While conjugation to cyanocobalamin increases the biocompatibility of organometallic drugs, the known quenching exhibited by vitamin B 12 30-34 limits its use in fluorescent imaging experiments intended at specifying the intracellular fate of drug. In some cases, however, the right choice of ligand and spacer might partially overcome this limitation. 35 In the last few years our research efforts have been directed at the development of biocompatible-site specific metal based carbon monoxide releasing molecules (CORMs) exploiting the vibrational signature of the species, the uptake and cellular distribution of the adducts in 3T3 fibroblasts was studied via FTIR spectromicroscopy. 
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Results and Discussion
Chemical Characterization of Cyanocobalamin Conjugates. Vitamin B 12 adducts 1 and 2
were synthesized in moderate to low yields according to the reaction depicted in scheme 1. In a first step cyanocobalamin was derivatized with 4-picolylamine according to a published procedure. 40 The isolated derivative was then reacted with one equivalent of fac- To further characterize constitutional isomers 1 and 2, their 1 H-NMR spectra were recorded and compared to that of B12-(4-pic). Similar experiments were performed by incubating 3T3 cells with 2 (100-300 µM concentration). In this case difference IR spectra showed evolving spectroscopic changes associated with a slow cellular uptake of the cobalamin adduct (SI). Weak bands associated to the ν C≡O stretching frequencies were observed as soon as spectra on the cellular location started being measured, indicating that some uptake had already occurred.
The time course of the accumulation of the CO complex was chracterized by an initial slow phase followed by a steep increase in rate about 60 min after exposure (SI). After the compound had reached an appreciable intracellular concentration, we performed IR mapping at diffraction limited spatial resolution in order to obtain information on the localization of 2. The maps of figure 6 show the distribution of the A1 absorption band throughout the cell, revealing that 2 is present in the cytoplasmic region but is much more concentrated in the proximity of the nucleus. In order to highlight the cellular distribution of 2, the absorption at 2852 cm -1 was also mapped. This band arises from CH 2 stretching modes from long alkyl chains and can be used to map the distribution of acyl lipids throughout the cell. This is a marker for the regions of the cell that are rich in membranes, such as mitochondria, the endoplasmic reticulum and the Golgi. 50 As is clear from figure   6 , lipid concentration is highest in the perinuclear environment, where the endoplasmatic reticulum is usually located 50 , and shows a remarkably different distribution as compared to 2. 
Conclusions.
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Experimental Section
Chemicals and solvents for synthesis were purchased from standard sources. All synthesis were performed in the dark under an inert N 2 atmosphere unless otherwise noted. B12-4-picolinamine (B12-(4-pic)) 40 and [ReBr(CO) 3 (Me 2 -phen)] (where Me 2 -phen = 4,7-Dimethyl-1,10-phenanthroline) were synthesized as previously described. The cell-coated window was transferred to a custom-built solution sample holder for FTIR microscopy, as previously described 52 . All cell culture materials were purchased from Single channel spectra were obtained by performing a Fourier Transform of the interferogram after apodization with a Blackman-Harris 3-Term function, using a zerofilling factor of 2 and a Mertz phase correction.
FTIR Mapping Measurements. The distribution of IR absorption bands was recorded by
mapping the sample over a rectangular grid pattern. For the highest resolution maps, confocal blades were set to a square aperture of 5x5 µm 2 and point spacing was set at 2.5
µm. Using a 36x objective with 0.5 NA, these conditions give a theroetical spatial resolution close to the diffraction limit at the walength of absorption of CO ligands. For low resolution maps, confocal blades were set to an aperture of 10x10 µm 2 and point spacing was set at 5 or10 µm.
Data Analysis. FTIR data analysis and assembly of IR maps was performed using the software package OPUS 6.5 (Bruker Optics). Spectral plots were constructed using Origin 8.0 (Originlab, Northampton, MA,USA).
Computational Details. Rotational energy profile of 1 was calculated by using Molecular
Mechanics (MMFF force field, angle step 5°) starting from a DFT optimised structure of the species (B3LYP, 6-31G* *; Co and Re were modeled by using a LANL2DZ basis set), whose bond lengths were found in good agreement with crystallographic data of vitamin B12 and related Re-vitamin B12 complexes, with the exception of a slightly elongated (ca.
0.2 Å) Co-CN bond 39, 53 . The rotational axis was defined by using the dihedral angle N(phen)-Re-Co-N(corrin). All calculations were performed using Spartan '14 software package.
